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2(Likelihood Ratio)
1 $X$ $\mathrm{Y}$ , $fx$
x\geq y
$\frac{f_{X}(y)}{f_{\mathrm{Y}}(y)}\leq\frac{f_{X}(x)}{f_{\mathrm{Y}}(x)}$ $\geq 0$
, $X$ $Y$ $X\geq\iota Y$
1 ,
$\mathrm{T}\mathrm{P}_{2}$(Total Positivity of Order 2) ( $\mathrm{K}\mathrm{a}\mathrm{r}\mathrm{l}\mathrm{i}\mathrm{n}[4]$ , Karlin and Taylor [7])
$\{1, 2, \cdots\}$
$s= \{\Phi|\Phi=(\phi_{0,\phi_{1}}, \phi 2, \cdots), \phi s\geq 0, \sum_{\theta=0}^{\infty}\emptyset_{S}=1\}$
2 \Phi \psi , $\Phi\geq\iota\Psi$
2 $S$ \Phi \psi , $\Phi>$ } $\Psi$ $i$ fl $(i\leq$
$j,$ $i,j=1,2,$ $\cdots)$ ,
$\phi_{j}\psi_{i}\geq\phi_{i}\psi_{j}$ $\geq 0$ (1)
, – $i$ $j$
$\phi_{j}\psi_{i}>\phi_{i}\psi_{j}$ ,
$\phi_{i}=\psi_{i}$ $i=1,2,$ $\cdots$ \Phi $=_{l}\Psi$











$\mathrm{P}\mathrm{r}(X_{s}\leq x|\mathrm{Y}_{n}=s)=F_{s}(x)$ $(x\in R, s\in\{0,1,2, \cdots\}, n\in\{0,1,2, \cdots\})$ (2)
, $f_{s}(x)$ $n$
,




















$T(\overline{\Phi}|X)$ $=(T\mathrm{h} (\overline{\Phi}|x), \tau_{1}(\overline{\Phi}|x),$ $\tau_{2}(\overline{\Phi}|x),$ $\cdots)$
(4)
3 ,
1 $s$ , \mu s $=\mathrm{E}[X|S=s]$
$\mathrm{P}\mathrm{r}\{X\leq x|S=S\}=F_{s}(x)$ $(x)$
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, $dF_{S}(x)=f_{s}(X)d_{X}$ , $S$
2 $\{X_{S}\}S=0,1,2,\cdots$ , $s\leq \mathrm{I}$ $(s, s=\mathrm{o}J, 1,2, \cdots)X_{s}\geq_{1}X_{s}$ ,
$x\leq y$
$f_{s’}(X)fS(y)\leq f_{s’}(y)f_{s}(x)$ $\geq 0$ (5)
3 $P$ , $\{i|i=$
$0,1,2,3,$ $\cdots\}$ $\{Pij\}_{i_{\mathrm{I}}j=0,1_{t}2,3},\cdots$ ,
$(i\geq j, i, j=0,1,2, \cdots)$
$Pmi^{pn}i\geq PnjPmi$ $\geq 0$ (6)
$m\leq n(m, n=1,2, \cdots)$ $m$ $n$
1 $\{0,1\}$ 2 , 3
$p_{00}\geq p10$
Ross [17], Monahan [9] , 3
–
S $u(\Phi)$ , $\Phi\geq_{1}\Psi$ $\Phi,$ $\Psi$
$u(\Phi)\geq u(\Psi)$ , $u(\cdot)$ $\Phi$
, 1 2, 3 (3) (4)
1 $x\leq y$ $x,$ $y$ , $\Phi(\in S)$ T $($ +| $x)$ $\leq \mathrm{l}$
$T(\overline{\Phi}|y)$
2 $S$ $\Phi,$ $\Psi$ , $\Phi\geq_{1}\Psi \text{ }\overline{\Phi}\geq_{1}$




3 $\{f_{S}(X)\}s=0,1,2,\cdots$ $S$ \Phi $\Psi$











\Phi (\in S) N
$m$ , k , k






$= \sum_{s=0}\phi Sp_{ss}J$ , (7)
$\overline{\Phi}$





$T(\overline{\Phi}|x)$ $=(T_{0}(\overline{\Phi}|x) , T_{1}(\overline{\Phi}|x)$ , $T_{2}(\overline{\Phi}|x)$ , $\cdot$ ..)
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, $x=(x_{1}, \cdots, x_{k})$ , $f_{t}(x)$ $t$ ,
x k
, $S$ ,
, Nakai [11, 12, 13, 14], [15] ,
Nakai $[11, 12]$ , Nakai [13]
, –
$f_{t}(x)= \prod_{=i1}ft(x_{i})$ . (9)
, $x_{(1)},$ $\cdots,$ $x_{(k)}$ , k $X_{1},$ $\cdots$ , X
$x_{1},$ $\cdot e\cdot,$ $X_{n}$ $(x_{(1)}\geq\cdots\geq x_{(k)})$ ,
, k ,
$\{x_{(i)}\}_{i}=1,\cdots,k(X_{(1)}\geq\cdots\geq x_{(k)})$ , $\{X_{i}\}i=1,\cdots k)$
,
32 x, $y\in R^{k}$ $x_{(i)}\leq y_{(i)}$ $(i=1,2, \cdots, k)$ ,
$x\prec y$
4 $x$ \prec y x $y$
$f_{j}(y)f_{i}(x)\geq fi(y)fj(x)$ $\geq 0$ (10)
$i<i$ $(i, j=1,2, \cdots)$
3 Nakai [14]
$n=1$ , $[11, 12]$
3 \Phi \in S , x\prec y $T(\overline{\Phi}|x)\leq_{1}T(\overline{\Phi}|y)$
5 \Phi , $\Psi\in S$ , $\Phi\geq\iota\Psi$ –\Phi $\geq_{l}\overline{\Psi}$
4 $\text{ _{}x}\in\prime \mathcal{R}^{k}$ , $\Phi\geq_{l}$ $T(\overline{\Phi}|x)\geq_{l}T(\overline{\Psi}|x)$
4 – MTP2
4k $X=(X_{1}, \cdots, X_{k})$ , 2 x, $y\in R^{k}$




$(i=0,1,2, \cdots)$ . $f_{i}(x)$ ,
$f_{i\wedge j}(_{X}\wedge y)f_{i}\vee j(x\mathrm{v}y)\geq f_{i}(y)fi(X)$ (11)
, $\mathrm{M}\mathrm{T}\mathrm{P}_{2}$ ,
$x \wedge y=(\min(x_{1}, y_{1}),$ $\cdots,$ $\min(xk_{)}yk))$ x $\vee y=(\max(x_{1}, y1),$ $\cdots,$ $\max(xk, y_{k}))$
, , $i\leq j$ $(i,j=0,1,2, \cdots, n)$
$f_{i}(x\wedge y)fj(x\mathrm{v}y)\geq f_{j}(y)f_{\dot{\iota}}(x)$ $\geq 0$ (12)
.
$f_{i}(X\wedge y)fj(X\vee y)\geq fi(y)f_{j}(x)$ $\geq 0$ (13)
,
$i$ X $=(X_{1},$ $\cdots$ , X ,
, x
5 \Phi \in S , $T(\overline{\Phi}|x)$ $\mathrm{M}\mathrm{T}\mathrm{P}_{2}$
S , $s<s’$ $(S, S^{J}=0,1,2, \cdots)$
$T_{s}(\overline{\Phi}|x\wedge y)T_{s’}(\overline{\Phi}|x\vee y)\geq T_{s’}(\overline{\Phi}|x)T_{s}(\overline{\Phi}|y)$
,
$T_{s}(\overline{\Phi}|x\wedge y)T_{s’}(\overline{\Phi}|x\vee y)-T_{s’}(\overline{\Phi}|x)T_{s}(\overline{\Phi}|y)$
$\overline{\emptyset}_{S}fs(X\wedge y)\overline{\emptyset}_{s^{\prime fl^{\prime(_{X\vee y})-\overline{\emptyset}_{s^{J}}f}}}s’(x)\overline{\emptyset} f_{s}(y)$
$=$ $\overline{\phi}_{S}\overline{\phi}_{\theta^{;(}}f_{s}(x\wedge y)fs’(X\vee(y\rangle-fs’(x)f_{s}(y))\geq 0$
, 4
2 2 , $x\wedge y=x$ , $x\vee y=y$
,
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$6\sim$ \prec y x y
$f_{j}(y)f_{i}(x)\geq fi(y$
.
$)fj(x)$ $\geq 0$ (14)
$i<j$ $(i, j=1,2, \cdots)$ , $i=0,1$ ,2, $\cdot$ . . , $f_{i}(x)$ x
$\mathrm{M}\mathrm{T}\mathrm{P}_{2}$
, 3
, $X_{1},$ $\cdots,$ $X_{k}$ , 4 $x$ \prec y
$x$ $y$
$f_{j}(y)f_{i}(x)\geq fi(y)f_{j}(x)$ $\geq 0$ (15)
$i<j$ $(i,j=1,2, \cdots)$ , $X_{1},$ $\cdots,$ $X_{k}$
$\mathrm{M}\mathrm{T}\mathrm{P}_{2}$ , (15) ,
$i=0,1$ ,2, $\cdot$ . . $(x)$ x $\mathrm{M}\mathrm{T}\mathrm{P}_{2}$ , 4
,
7 $i<j$ $(i, j=1,2, \cdots)$ , (15) , $i=0,1$ ,2, $\cdot$ . .
$(x)$ x $\mathrm{M}\mathrm{T}\mathrm{P}_{2}$ , 4
, $X_{1},$ $\cdots,$ $X_{k}$ ,
, (12) (13) ,
8 $X_{1},$ $\cdots,$ $X_{k}$ , (15) , 4
$i\leq i$ ( $i,$ $j=0,1,2,$ $\cdots$ , n) ,
$f_{i}(x\wedge y)f_{j}(\sim \mathrm{v}y)\geq f_{i}(y)fi(X)$ (16)
, $x=(x_{1},$ $\cdots$ , x $y=(y_{1}, \cdots, y_{k})$ , $1\leq l\leq m$
$x_{1}\geq y_{l}$ , m<l\leq k $x_{\dagger}<y|$ (16) ,
$\prod_{1=1}^{m}fi(y1)|1\prod_{=}^{m}f_{j}(X|)\geq\prod_{1=1}f_{j(}myl)\prod_{=l1}^{m}f_{i}(x_{l})$
, 4 $\leq i$
(i, $j=0,1,2,$ $\cdots,$ $n$ )
5 k \mbox{\boldmath $\varphi$} : $R^{n}arrow R$ , $x\prec$ y , $\varphi(x)\leq\varphi(y)$
$(\varphi(x)\geq\varphi(y))$ . x ( )
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, 2 ( 1 2) , Holley [3], Kem-
perman [8], Preston [16], Karlin and $\mathrm{R}\mathrm{i}\mathrm{n}\mathrm{o}\mathrm{t}\mathrm{t}[5,6]$
1 (Holley [3], Kemperman [8], Preston [16], Karlin and $\mathrm{R}\mathrm{i}\mathrm{n}\mathrm{o}\mathrm{t}\mathrm{t}[5,6]$ )
$X=(\Omega, \mathcal{B}, P)$ , , $\mu_{1}$ $\mu_{2}$
$X$ . $f_{i}(x)$ $(i=1,2)$
,
$f_{1}(_{X}\wedge y)f2(X\vee y)\geq f1(X)f_{2}(y)$ (17)
$\int\varphi(x)\mu 1(dx)\leq\int\varphi(x)\mu 2(dx)$ (18)
\mbox{\boldmath $\varphi$}(x) , $\mu_{2}$ \mu 1 dilation ( )
, (18) $X=R^{k}$ ,
$\int\varphi(x)f_{1}(x)d\sim\leq\int\varphi(x)f2(x)dx$
9 $i\leq i$ $(i,j=1,2,3, \cdots),$ $x,$ $y\in R^{k}$
$f_{i}(x\wedge y)fj(x\vee y)\geq f_{j}(y)fi(X)$
, $x$ \mbox{\boldmath $\varphi$} $()$
$\int\varphi(\sim)fi(x)dx\leq\int\varphi(x)f_{j(\mathfrak{B})dx}$




2 (Holley [3], Kemperman [8], Preston [16], Karlin and $\mathrm{R}\mathrm{i}\mathrm{n}\mathrm{o}\mathrm{t}\mathrm{t}[5,6]$ )
k X $=(X_{1}, \cdots, X_{k})$ $f(x_{1}, \cdots, x_{k})$ ,
$\mathrm{M}\mathrm{T}\mathrm{P}_{2}$ , $f(x_{1,m}$. $\backslash \cdot, x)$ $\mathrm{M}\mathrm{T}\mathrm{P}_{2}$
$(m=1,2, \cdots, k)$
,
11 X $=(X_{1}, \cdots, X_{k})$ $f(X_{1,)}\ldots x_{k})$
, MTP2 , $X_{m}$ $f(x_{m})$
$\mathrm{T}\mathrm{P}_{2}$ $(m=1,2, \cdots, k)$
6 $X$ , $\mu_{1}$ $\mu_{2}$ $X$
. $f_{i}(x)$ $(i=1,2)$ , $x\leq y$
$\varphi_{1}(x)\leq\varphi_{2}(y)$
X 2 $\varphi i(X)$ $(i=1,2)$
$\int\varphi_{1}(x)\mu_{1}(dx)\leq\int\varphi_{2}(x)\mu 2(dx)$ (19)
, $\mu_{2}$ \mu 1 strong dilation
, $X=R^{k}$ (19)
$\int\varphi_{1}(X)f1(X)dx\leq\int\varphi_{2}(x)f2(x)dx$
, ( 1) , $X$
, (17) \mu 2 \mu 1 strong dilation ,
$X$ $\mathrm{F}\mathrm{K}\mathrm{G}$(Fortuin, Kasteleyn and Ginibre)-
3 (Holley [31) $X$ , \mu $X$
, $f(x)$ , $x,$ $y\in X$
$f(x\wedge y)f(X\mathrm{v}y)\geq f(_{X)f}(y)$





(20) (21) FKG-inequality [2]
$n$




\mbox{\boldmath $\varphi$}(x) , ,
,
, \mbox{\boldmath $\varphi$}(x) x ,
\Phi , $n$
, ,
$v_{n}(\Phi)$ $=$ E\Phi [v (\Phi |X)] (22)
$v_{n}(\Phi|\sim)$ $=$ $\max\{\varphi(x), vn-1(\tau(\overline{\Phi}, X\rangle)\}$ (23)
,
12 $v_{n}(\Phi)$ \Phi , $\Phi\leq\Psi$ , $v_{n}(\Phi)\leq$
$v_{n}(\Psi)$
13 $v_{n}(\Phi|x)$ \Phi , $x$
, x\leq y , $v_{n}(\Phi|x)\leq v_{n}(\Phi|y)$
$n=1$ $n-1$
4 , $\Phi\geq\iota\Psi$
$T(\overline{\Phi}|x)\geq \mathfrak{s}T(\overline{\Psi}|x)$ , $v_{n}(\Phi|x)$ \Phi – ,
6 3 , $x$ \prec y $T(\overline{\Phi}|x)\leq_{l}T(\overline{\Phi}|y)$
, $v_{n}(\Phi|x)$ , $x$






14 $S_{n}(\Phi)$ , $\Phi\leq\Psi$ , $S$ $(\Psi)\subset S_{n}(\Phi)$
, 13 $v_{n}(\Phi|x)$ \Phi , $\Phi\leq\Psi$
,
$\varphi(x)\geq v_{n}-1(\tau(\overline{\Psi}, x))\geq vn-1(T(\overline{\Phi}, x))$
[1] M. Brown and H. Solomon, Optimal Issuing Policies under Stochastic Field
Lives, Journal of Applied Probability, vol. 10, 761-768, 1973.
[2] Fortuin, C. M., Kasteleyn, P. W. and Ginibre, J., Correlation Inequalities on
Some Partailly Ordered Sets, Communications on Mathematical Physics, vol.
22, 89-103, 1971.
[3] R. Holley, Remarks on the FKG Inequaliteis, Communications in Mathemat-
ical Physics, vol. 36, pp. 227-231, 1974.
[4] S. Karlin, Total Positivity, Stanford University Press, Stanford, California,
1968.
[5] S. Karlin and Y. Rinott, Class of Orderings of Measures and Related Corre-
lation Inequalities I : Multivariate Totally Positive Distributions, Journal of
” Multivariate Analysis, vol. 10, 467-498, 1980.
[6] S. Karlin and Y. Rinott, Total Positivity Properties of Absolute Value Multi-
nomial Variables with Applications to Confidence Interval Estimates and Re-
lated Probabilistic Inequalities, The Annals of Statistics, vol. 9, 1035-1049,
1981.
[7] S. Karlin and H. M. Taylor, A Second Course in Stochastic Processes, Aca-
demic Press, New York, New York, 1981.
[8] J. H. B. Kemperman, On the FKG-Inequality for Measures on a Partially
Ordered Space, Indagationes Mathematicae, vol. 39, pp. 313-331, 1977.
[9] G. Monahan, Optimal Stopping in a Partially Observable Markov Processes
with Costly Information, Operations Research, vol. 28, 1319-1334, 1980.
126
[10] T. Nakai, Optimal Stopping Problem in a Finite State Partially Observable
Markov Chain, Journal of Information $\xi y$ Optimization Sciences, vol. 4, 159-
176, 1983.
[11] T. Nakai, The Problem of Optimal Stopping in a Partially Observable Markov
Chain, Joumal of Optimization Theory and Applications, vol. 45, 425-442,
1985.
[12] T. Nakai, A Sequential Stochastic Assignment Problem in a Partially Observ-
able Markov Chain, Mathematics of Operations Research, vol. 11, 230-240,
1986.
[13] T. Nakai, A Stochastic Ordering and Related Sequential Decision Problems,
Journal of Information 8 Optimization Sciences, vol. 11, 49-65, 1990.
[14] T. Nakai, A Partially Observable Decision Problem under a Shifted Likelihood
Ratio Ordering Proceedings of the Australia-Japan Workshop on Stochastic
Models in Engineering, Technology and Management (Eds. S. Osaki and D.
N. Pra Murthy), World Scientific Publishing, 413-422, 1993.
[15] , , , , 1996.
[16] C. J. Preston, A Generalization of the FKG Inequaliteis, Communications in
Mathematical Physics, vol. 36, pp. 233-241, 1974.
[17] S. M. Ross, Quality Control under Markovian Deterioration, Management
Science, vol. 17, 587-596, 1971.
[18] S. M. Ross, Stochastic Processes, John-Wiley and Sons, New York, New York,
1983.
[19] D. Stoyan, Comparison Methods for Queues and Other Stochastic Models,
John wiley &Sons, New York, New York, 1983.
127
